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Wednesday, February 19, 2014 729afollowing ischemia-reperfusion, indicating mg53-/- mice are more susceptible
to CS injury. rhMG53 protein (6 mg/kg) applied intravenously to the wild type
mice prior to the onset of CS could protect skeletal muscle injury, as demon-
strated by the reduction of CK in serum and Evans Blue positive (injured)
muscle fibers. Histochemical studies revealed that rhMG53 treatment could
ameliorate pathological changes in mouse skeletal muscle associated with
CS. When rhMG53 was examined in a rat model of CS-induced muscle injury,
we saw a lesser degree of muscle injury and minimum effect for the exogenous
rhMG53 in protection against the development of CS. The lack of effect of
rhMG53 in the rat model was likely due to the fact that serum level of endog-
enous MG53 protein in the rat is more than 20-fold higher than that in the
mouse and other animal models. Taken together, our data suggest that
rhMG53 can protect ischemia-reperfusion induced muscle injury as a potential
therapy for protection against compartment syndrome.
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Cathepsins are lysosomal cysteine proteases involved in molecular signaling
and protein degradation. Importantly, these proteases can also be secreted into
the extracellular space. Cathepsin-L is elevated in the serum of patients with is-
chaemic heart disease and correlates with disease severity. Our data demonstrate
that cathepsin-L levels are increased in the coronary effluent of ex vivo rat hearts
after a period of 30 min ischaemia, however the contribution of cathepsin-L to
cardiac contractile function remains unknown. Using a cathepsin-L inhibitor
(CAA0225), we investigated the hypothesis that cathepsin-L contributes to con-
tractile dysfunction post ischaemia. Langendorff perfused ex vivo adult rat
hearts underwent 30minwhole heart ischaemia followed by 90min reperfusion.
Left ventricular (LV) function was assessed using a solid-state pressure catheter
within a balloon in the LV cavity. In separate cohorts of hearts, CAA0225 or
DMSO (control) was applied for 25 min prior to ischaemia. CAA0225 had no
effect on LV developed pressure prior to ischaemia. However, during reperfu-
sion post-ischaemia CAA0225 led to a sustained increase of LV developed pres-
sure to 177% of control levels at 90 min reperfusion (25.1 vs. 44.5 % developed
LV pressure of pre-ischaemia level; DSMO [n=15] vs. CAA0225 [n=6];
P<0.05). The maximum rate of rise and fall in developed LV pressure were
also elevated by CAA0225 by 169% and 151% respectively. Whilst there was
no significant difference in the minimum LV pressure during the ischaemic
period, this parameter was reduced during reperfusion which after 90 min was
68% of control levels (78.0 vs. 53.0 mmHg; DSMO [n=15] vs. CAA0225
[n=6]; P<0.05). These data demonstrate for the first time that the cathepsin-L
inhibitor CAA0225 improves both systolic and diastolic cardiac functional
parameters during ischaemia-reperfusion in ex vivo adult rat hearts.
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Chronic hypertension can cause atrial fibrillation. The cellular mechanisms
responsible for hypertension-induced atrial tachyarrhythmias, however, are
unknown. Here we tested the hypothesis that, in spontaneously hypertensive
rats (SHR), altered atrial Ca homeostasis may induce atrial tachyarrhythmias.
At 6-8 months of age, SHR had significantly increased systolic blood pressure
(18556mmHg,N=18; vsWKY: 12954mmHg,N=16, P<0.01), accompanied
by compensatory left ventricular hypertrophy, but left atrial (LA) hypotrophy.
At the cellular level, the area of the ventricular myocytes was increased in
SHR, while LA myocytes were not different in size. Basal Ca transients
(CaTs) of LAmyocytes (1Hz stimulation) showednomajor differences between
WKY and SHR. Further evaluation, however, revealed increased SR Ca load in
SHR (amplitude of caffeine-induced CaT, Fura-2 ratio: 1.0750.13, n=10; vs
WKY: 0.7250.04, n=18, P<0.01), reduced fractional SR Ca release (SHR:
0.2050.03, n=10; vs WKY: 0.2950.03, n=18, P<0.05) and reduced L-type
Ca current (SHR: 4.350.2 pA/pF, n=12; vs WKY: 5.250.1 pA/pF, n=10,
P<0.05) accompanied by reduced expression (33%; P<0.01) of the alpha
1C subunit of the L-type calcium channel. Experimental simulation of tachy-
cardia by increasing stimulation frequency (1-2-4 Hz) induced significantly
more arrhythmogenic Ca alternans in SHR (2 Hz: 41%, 4 Hz: 72% of cells)
than inWKY (2Hz: 7%, 4 Hz 37% of cells; both P<0.05 vs SHR) LAmyocytes.
These data indicate that, at 6-8months of age, SHRhearts displaymorphological
changes at the ventricular but not at the atrial level. Subcellular changes in Cahomeostasis occur in LA myocytes at the sarcolemma and the SR, which are
associated with a much higher incidence of arrhythmogenic Ca alternans. This
may explain the increased propensity of SHR to develop atrial tachyarrhythmias.
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Effects of high-sugar diet on systemic metabolism has been informative,
however, myocardialcapacity for fructose uptake and metabolism has not
yet been well characterized. Importantly, contractile dysfunction has been
observed in sucrose-fed animals both at whole-heart and single cardiomyocyte
levels. In this study, we aimed to determine whether the properties of the Ca2þ
sparks might provide insight into the role of ryanodine receptors, RyR2s, in
the altered Ca2þ signaling and diastolic dysfunction in resting cardiomyocytes
when theywere analyzed together with Ca2þ transients obtained under electrical
stimulation. Our results showed that basal Ca2þ level as well as the frequency of
Ca2þ sparks significantly increased in cardiomyoctes from rat heart with high
sucrose-induced metacolic syndrome (MS) compared to aged-matched control
rats. Ca2þ transients exhibited significantly reduced amplitude and prolonged
time courses as well as depressed Ca2þ loading of sarcoplasmic reticulum, SR
in MS animals. The Spatio-temporal properties of these Ca2þ sparks were also
significantly changed to being almost parallel to the changes of Ca2þ transients.
In addition, RyR2s fromMS rat heart were hyperphosphorylated and the protein
levels of both RyR2s and FKBP12.6 depleted. Taken into consideration the
whole-data, MS-induced rat heart exhibits altered local Ca2þ signaling with
increased basal Ca2þ levels which may underline the diastolic dysfunction.
Furhermore these functional alterations were supported with ultrastructural
changes in SR which due to mostly increased oxidative stress in the heart.
(Supported by grant from TUBITAK SBAG-111S042).
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Murine tibialis anterior skeletal muscles lacking one or more isoforms of
neuronal nitric oxide synthase (nNOS) exhibit exaggerated contraction-
induced fatigue in vivo by mechanisms that remain to be elucidated. To test
the hypothesis that depletion of skeletal muscle expressed nNOS was sufficient
to cause exaggerated fatigue,we analyzed fatigue resistance in excised lumbricle
muscles from nNOS knockout (KN2) and wildtype (WT) mice in vitro. Simul-
taneous measurements of skinned fiber Ca2þ-activated force and ATPase
activity, and simultaneous measurements of intracellular Ca2þ and force in
isolated intact lumbricle muscle in the nNOS depleted and WT muscles were
performed. Results showed that KN2 mice lumbricle skinned fiber force and
ATPase activity were more sensitivity to Ca2þ thanWT, in contrast to no differ-
ences inmaximum force andATPase, or energy cost (ATPase/force) at all levels
of force activation. Intact lumbricle muscle showed that fatigue produced by
increasing the frequency of repetitive 500millisecond periods of 100 Hz tetanus
stimulation showed the average force and intracellular Ca2þ during the tetanus
was not statistically different between KN2 and WT lumbricle at all levels of
fatigue. The average intracellular Ca2þ during the tetanus stimulation showed
that fatigue was independent of Ca2þ except at the very highest fatigue levels.
The rate of fatigue in KN2 mouse muscles was not different from WT and we
were unable to observe exaggerated fatigue in vitro. These results suggest
three possible explanations. First, the regulation of muscle fatigue by nNOS
in vivo may only be evident under physiological conditions. Second, lumbricle
muscle lacks an nNOS muscle-specific fatigue resistant mechanism. Third,
that nNOS loss from surrounding tissue compromises fatigue resistance.
Regardless, these data suggest that nNOS is dispensable for normal calcium
handling, strength and fatigue resistance in lumbricle muscles in vitro.
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Genetic hypertrophic cardiomyopathy (HCM) results from mutations in the
cardiac sarcomere, including b-cardiac myosin, with HCM afflicting about
730a Wednesday, February 19, 20141 out of every 500 people in the United States. HCM is characterized by hyper-
contractility and myocyte hypertrophy. Current agents used to treat HCM
include b-blockers and Ca2þ channel blockers to decrease the hyper-
contractility and improve cardiac relaxation. A novel and more direct approach
to decreasing hyper-contractility and improving diastolic relaxation in HCM
patients is by modulating b-cardiac myosin to produce less force. We believe
modulation at the sarcomere level provides a focused strategy while lowering
the potential for adverse drug events. In this study we examined the effects of
MYK0000461, a cardiac myosin selective inhibitor, on adult rat cardiomyo-
cytes to fully understand the mechanism of action on excitation-contraction
(E-C) coupling. Cellular contractility was assessed using edge detection
and the calcium transient was measured using fura-2 loaded myocytes.
MYK0000461 decreased contractility in a dose dependent manner with an
IC50 of 250nM without altering the calcium transient. This inhibitory effect
can be reversed by stimulation of the b-adrenergic pathway with the known
agonist isoproterenol. We hypothesize that modulation of mutant b-cardiac
myosin activity with a small molecule agent such as MYK0000461 could
potentially treat disorders resulting from hyper-contractility such as HCM.
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The innate immune system is responsible for the initial response of an organism
to potentially harmful stressors, e.g. pathogens or tissue injury, and accordingly
plays an essential role in the pathogenesis of many inflammatory diseases.
Recent studies have established a relationship between the innate immune
response and some cardiovascular diseases. In this regard, nucleotide-binding
oligomerization domain-like receptors (NLRs) are pattern recognition recep-
tors that play an important role in the induction of innate immune and inflam-
matory responses. NLRs activation promotes a cascade of molecular signaling
events that ultimately lead to inflammation and cell death. NOD1 is a NLR-
subfamily that upon activation results in transcription of inflammatory genes.
NLR dysfunction has been described in a variety of maladies, including chronic
inflammation, autoimmunity and cancer predisposition; however less informa-
tion is available related to the contribution of these mediators to the cardiac
disease progress. Our results showed that mice cardiac tissues express NOD1
and the activation of this NLR with the specific agonist C12-iEDAP, but not
with the inactive analogue iE-Lys, induces a time- and dose-dependent cardiac
dysfunction. At the cellular level, NOD1 stimulation induces a decrease in
calcium current (ICaL) and [Ca
2þ]I transients. In conclusion our results demon-
strates that NLR-NOD1 specific activation can induce several pathological
processes involved in some cardiac diseases.
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Angiopoietin 1 (Ang1) plays an important role in various endothelial functions,
such as vascular integrity and angiogenesis; however, less is known about its
function outside of the endothelium. In this study, we examined whether
Ang1 has direct effects on skeletal muscle cells. We found that Ang1 exhibited
myogenic potential, as it promoted the proliferation, migration, and differen-
tiation of mouse primary skeletal myoblasts. The positive effect of Ang1 on
myoblast proliferation could have been mediated by the a7 and b1 integrins.
We also found that Ang1 potentiated cellular Ca2þmovements in differentiated
myotubes in response to stimuli, possibly through the increased expression of
two Ca2þ-related proteins, namely, Orai1 and calmodulin. Ang1 also increased
Orai1 and calmodulin expression in mouse hearts in vivo. These results provide
an insight into the molecular mechanisms by which Ang1 directly affects the
myogenesis of striated muscle.
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A major concern about using cardiomyocytes derived from human induced
pluripotent stem cells (hiPSC-CM) for human disease modeling is their"immature" phenotype which may result in substantial differences in their
physiology when compared to native cardiomyocytes. Here we compare intra-
cellular Ca buffering of hiPSC-CM derived from healthy humans to that of
acutely-isolated adult rabbit ventricular CM. hiPSC-CM (21 days post cardiac
induction) were plated at low density on matrigel-coated dishes and studied 3-5
days after plating. While hiPSC were significantly smaller than rabbit CM (cell
capacity 1952 pF vs 101512 pF, p<0.01) and had disorganized contractile
filaments on electron microscopy, hiPSC-CM nevertheless exhibited robust
troponin C expression, the major cytosolic Ca binding site. To measure cyto-
solic Ca buffering ("Trafford" method), caffeine (10 mM) was rapidly applied
to release Ca from the SR, which then extruded via the NaCa exchanger (NCX),
generating an inward NCX current. Integration of NCX current yielded the total
amount of Ca released from the SR. Then D[Ca]total was plotted as a function
of D[Ca]free and maximal cytosolic buffering capacity (Bmax) and Kd calcu-
lated. Cytosolic Ca buffering parameters were not significantly different
between hiPSC-CM (Bmax=100514mmol/Lcytosol, Kd=0.6150.09 mM,
n=25) and rabbit-CM (Bmax=117515 mmol/Lcytosol, Kd=0.6150.11 mM,
n=9). EMD57033 (3 mM), which binds to troponin C and increases cytosolic
Ca binding in murine CM, also increased cytosolic Ca binding affinity in
hiPSC-CM (Kd=0.3950.05 mM; p<0.05) without affecting Bmax (96513
mmol/Lcytosol). Importantly, rates of non-NCX mediated Ca removal were
not different between hiPSC-CM and adult rabbit CM. These results demon-
strate that hiPSC-CM have cytosolic Ca buffering parameters similar to
those of acutely-isolated native CM and therefore could be used for modeling
cardiac diseases with altered myofilament Ca binding. Supported by AHA-
12POST12080080(DK), NIH-RO1-HL71670(BCK).
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Cardiac fibroblasts influence cardiomyocyte structure and function through
direct physical interaction and/or by the secretion of soluble factors. A role
for cardiac fibroblasts in familiar cardiomyopathies has been proposed but clear
mechanisms are still lacking. This in vitro study set out to characterise the in-
fluence of cardiac fibroblasts from patients with hypertrophic cardiomyopathy
(HCM) on cardiomyocyte Ca2þ cycling, a fundamental mechanism of cardiac
function universally altered in cardiac disease.
Human induced pluripotent stem cell-derived cardiomyocytes (iPS-CMs) were
cultured with human HCM ventricular fibroblasts for 24 hours in three groups:
iPS-CMs with fibroblast conditioned medium, co-cultured in transwells to
allow bi-directional paracrine communication but prevent physical contact,
and iPS-CMs in direct contact with fibroblasts. iPS-CMs alone were used as
a baseline. iPS-CMs were field-stimulated at 1Hz and calcium transients
were recorded optically.
Versus iPS-CMs alone, Ca2þ transient amplitude was reduced in both the
conditioned medium and co-culture groups (p<0.001, F/F0= 2.3050.03,
2.0650.03, 1.6550.03 n= 376, 290 and 261 cells respectively), with co-
culture amplitudes significantly lower than conditioned medium (p<0.001).
Direct contact amplitudes were increased (p<0.001, F/F0= 2.5950.06
n=377). Time to peak and time to 80% decay were prolonged in the co-
culture group vs. baseline (p<0.001) while conditioned medium reduced
time to peak (p<0.001). Direct contact had no effect on these parameters.
Human HCM ventricular fibroblasts influence iPS-CM calcium handling
properties and the context of this interaction is important in determining the
end effects. Negative effects of soluble mediators are prevented/reversed by
culturing fibroblasts in direct contact with cardiac myocytes. Whether this is
due to mechanical stretch or physical intercellular connections is unclear.
Further work is needed to identify possible mechanisms and explore the
consequences of this interaction in vivo.
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Ca/Calmodulin-dependent protein kinase II (CaMKII) hyperactivity in heart
failure causes intracellular Na ([Na]i) loading (at least in part by enhancing
the late Na current (INaL)). This [Na]i gain promotes intracellular Ca ([Ca]i)
